The purpose of the present study was to compare the behaviour with vocalization of three sympatric species of voles during encounters within a species and during interactions between particular pairs of species. Bank voles, common voles and field voles were trapped in southeastern Poland and their behaviour and vocalization investigated using 10-min open field tests. Results showed clear differences in behaviour and vocalization between the species of voles. Bank vole interactions were more agonistic than those of common voles and of field voles as seen in the number of attacks, latency to the first attack and duration of attack. Females of the latter two species emitted significantly more ultrasounds than female bank voles. During male encounters common voles produced the highest numbers of ultrasounds. The ultrasonic calls emitted by female and male field voles occurred at a higher frequency (kHz) than those of both bank voles and common voles. The duration of these sounds was similar for all three species of voles. Voles in heterospecific encounters emitted very few ultrasounds. Our results have shown that ultrasounds are a part of bank vole, common vole and field vole behaviour and could play a significant role in vole communication.
Introduction
The vole species represent some of the common, ecologically diverse and abundant small mammals in the Holarctic. They exploit similar resources, occupying mainly meadows, fields and, in some species, forests (Hoffmann & Koeppl, 1985; Mitchell-Jones et al., 1999) . Living in a similar habitat, voles have had to develop behavioural mechanisms which allow them to recognise and interact with conspecifics and to avoid interactions with animals of another, similar species. The social organization of animals within a population of their own species therefore needs well developed communicatory systems. The olfactory system plays an important role in homospecific interactions of voles. It is known that bank voles and Microtus species identify conspecifics by chemical cues (Viitala & Hoffmeyer, 1985; Rozenfeld et al., 1987; Kruczek, 1994; Heise & Rozenfeld, 1999) . Animals produce and secrete pheromones that cause behavioural reactions in conspecifics (Viitala & Hoffmeyer, 1985; Ferkin, 2001; Marchlewska-Koj, 2001) . Voles are also able to discriminate between odours of different species (de Jonge, 1980; Łopucki & Szymroszczyk, 2003) , but little is known of the role of odour in interspecies interactions. It is possible that vocalization can also play a role in communication between vole species. Some data suggest that vocalization, especially ultrasonic calling, appears to be a significant element of communication within some species of rodents (Sales & Pye, 1974) , but again little is known of their role between species. Sounds are short-term signals that can be used only by interacting animals within hearing distance of each other. This is in contrast to odour cues that can be used both during direct contact of animals and also for distant and non-simultaneous communication by, for example, territory marking. Our analysis of vole behaviour therefore also included study of sound emission. Sounds within the human hearing range (audible sounds -<20 kHz) are emitted by rodents in situations of aggression, fear and pain (Stoddart & Sales, 1985; Hawkins, 2002) .
Ultrasounds ( 20 kHz) are detected during sexual behaviour in rats, mice and other rodents (Sales, 1972a; Whitney et al., 1973; Barfield & Geyer, 1975) . They are part of aggressive interactions of rats (Sales, 1972b) and hamsters (Kapusta et al., 2006) , but they can also occur during social contact such as approaching or leaving in some species (Hoffmeyer & Sales, 1977) . Ultrasounds are emitted during social encounters of several species of voles:
